Background: Some individuals who appear poorly retained by clinic visit-based retention measures are using antiretroviral therapy (ART) and maintaining viral suppression. We examined whether individuals with a gap in HIV primary care ($180 days between HIV outpatient clinic visits) obtained ART during that gap after 180 days.
INTRODUCTION
The HIV care continuum describes a series of steps from initial diagnosis of HIV to achieve and maintain HIV viral load (VL) suppression. [1] [2] [3] [4] An important part of the care continuum is retention in care, which is defined by attending HIV primary care visits at regular intervals. This facilitates prescribing antiretroviral therapy (ART), which, when patients adhere, is the most important component of long-term HIV control 5, 6 and decreased HIV transmission to others. 7 There are multiple measures for retention in care based on HIV clinic visit data. 8, 9 A commonly used measure stipulates that HIV primary care visits occur at least twice per year, separated by 90 days. 10 Suboptimal retention in care has been associated with a variety of suboptimal clinical outcomes, including worse VL suppression, lower CD4 cell counts, and increased mortality. 11, 12 There is debate regarding the optimal HIV primary care visit frequency for individuals with stable HIV infection. 13 Current U.S. Department of Health and Human Services guidelines recommend checking an HIV VL every 6 months in patients who are on stable ART with VL suppression. 14 Some HIV care providers may feel comfortable seeing stable patients for a clinic visit once per year and checking labs at 6-month intervals. Using standard retention measures, these individuals would not seem to be retained in care, even if they are maintaining viral suppression. A recent study from New York State 15 showed that individuals who were retained in HIV care were more likely to have VL suppression than those who were not retained. However, retention had poor specificity (19.6%) for VL suppression, ie, not being retained did not reliably indicate that individuals were not suppressed. Whites and older people (55 and more) were more likely to be not retained and to have VL suppression, suggesting that nonretention based on visit frequency is more meaningful among vulnerable young and minority populations. A national study showed that about half of individuals who accessed some care, but did not meet the standards for being retained in continuous care, had VL suppression. 16 Previous work from the HIV Research Network (HIVRN) revealed that about 10% of individuals followed in the HIVRN in 2010 did not meet the retention criteria for that year but had a suppressed VL. 17 Patients not meeting retention criteria who show suppressed VL may be continuing ART during gaps in care. Our objective is to examine the extent to which patients receive an ART prescription during gap periods. Our analysis expands on previous work by combining demographic and clinical data from the HIVRN with Medicaid pharmacy claims data. With the combined data set, we determined the presence of ART prescriptions during gaps and described factors associated with receiving ART during a gap, with the hypothesis that having VL suppression, being white, and being older would be associated with receiving ART during a gap.
METHODS
The HIVRN is a consortium of clinics that provide primary and subspecialty care to HIV patients. 18 Each site annually abstracts clinical and demographic data from medical records of patients receiving care for HIV infection. Data are quality assured and combined across sites after removing personal identifying information. Data for individual patients are linked across calendar years. The study was approved by the Institutional Review Boards at the Johns Hopkins University School of Medicine and at each participating site.
A subset of 5 HIVRN sites participated. Sites treating adults (age $18) were located in MA, MD, and NY; pediatric sites (ages 0-25) were in MD and NY. Analyses included only adults. The observation period spanned January 1, 2006 through December 31, 2010.
Patients who had Medicaid insurance recorded in the HIVRN database between 2006 and 2010 were identified centrally; local sites subsequently linked encrypted HIVRN IDs with patients' social security numbers. Social security numbers were sent to the Centers for Medicare and Medicaid Services (CMS), where they were matched to Medicaid records in the site's state and 3 adjacent states. Six thousand eight hundred ninety-two unique HIVRN IDs were submitted; 6196 (90%) were matched. The Medicaid Analytic Extract (MAX) files provide enrollment, utilization, and payment data for individual Medicaid beneficiaries on a calendar-year basis. 19, 20 MAX data were merged with HIVRN data; identifying information was removed.
Gaps in Care
A gap in care was defined as a period $180 days without a visit to the HIVRN outpatient HIV clinic with an HIV primary care provider (based on HIVRN visit date data). For decedents, the last gap ended on the date of death. Gaps that began before the start of the observation period (January 1, 2006) or that continued after the end of the observation period (December 31, 2010) were included if the number of gap days in the observation period was $180.
Each patient could have multiple gaps. "Gap 0" refers to a gap among patients who enrolled in the HIVRN before January 1, 2006 and entered the observation period in a gap. Patients enrolled in the HIVRN after January 1, 2006 could not have "gap 0," as their first gap could occur only after their HIVRN enrollment date.
Patients' overall pattern of gaps was classified as follows: never in a gap, always in a gap, and occasionally in a gap. The first group included patients enrolled in HIVRN after June, 2010 and patients who had only gaps #179 days. Most (93.9%) patients always in a gap had 0-1 HIVRN outpatient visit. The "occasional gaps" group had gaps $180 days interspersed with periods with multiple outpatient visits. We calculated the number of months and the percentage of months during each gap the patient was eligible for Medicaid. First CD4 level in the observation period was the first reported test after January 1, 2006 and stratified as #200, 201-500, and .500 cells/mm 3 , or missing. The first VL recorded after January 1, 2006 was classified as either suppressed (#400 copies/mL), not suppressed (.400 copies/mL), or missing. For analyses with the gap as the unit of analysis, we identified the VL test closest in time to the beginning of the gap.
Variables
prescription. ART medications were identified by National Drug Codes.
The major outcome variable is whether a new ART prescription was written during a gap. We distinguish "new" prescriptions from previously written prescriptions that had refills purchased. The new ART prescription could be either a previously prescribed medication or a different ART medication if a provider switched the patient's regimen. A value of zero for the MAX "new refill indicator" variable indicated that a medication purchase was a new ART prescription; this variable had a value .0 if the patient was picking up a refill from a previously written prescription. We assumed that, in most instances, a new ART prescription written during a gap involved contact with a medical provider during that gap (in person or by phone). In contrast, patients could refill an original prescription during a gap without contacting a provider.
Statistical Analyses
First, we determined the gap status of each patient. We used multinomial logistic regression to examine clinical and demographic variables associated with always being in a gap and with occasionally being in a gap (both versus no gap). Marginal predicted probabilities for each independent variable were computed.
Second, we focused on only those patients with occasional gaps. Among this group, bivariate analyses examined whether a patient ever had any new ART prescription in any gap. To be counted as being written in a gap, the ART prescription date had to be at least 180 days after the start of a gap. Subsequent multivariate logistic regression analysis used the gap as the unit of analysis. Because each patient could contribute multiple observations, we used generalized estimating equations, with an exchangeable correlation structure.
Third, we assessed the extent to which, in each gap, patients either had a new ART prescription or refilled an existing prescription. Combining new prescriptions and refills provides information on the extent to which patients were accessing any ART during a gap, indicating some level of engagement in care.
Finally, we examined prescribing patterns for patientprovider pairs. Each unique pair of one patient and one prescribing provider served as the unit of analysis. Providers were identified using the prescribing physician ID number in the MAX data. Analyses were limited to patient-provider pairs in which a new ART prescription had been written. We categorized each patient-provider pair as having no new ART prescriptions in a gap, all new ART prescriptions in a gap, or as having a mixture of some prescriptions in a gap and others not in a gap.
RESULTS
Among 6196 patients in the linked MAX-HIVRN data, we excluded those aged ,18 years on January 1, 2006 (n = 279), enrolled in the HIVRN after 2010 (n = 131), those with data quality concerns (n = 460), who had no record in the MAX prescription medication file (n = 242), and 809 who had medication data but no ART prescription. This resulted in 4275 individuals for analysis (Supplemental Digital Content, Figure 1 , http://links.lww.com/QAI/B56).
Gap Status
Among these 4275 individuals, 280 (6.6%) were always in a gap and 2317 (54.2%) were occasionally in a gap. Table 1 presents a description of the sample and associations with gap status. In a multinomial logistic regression (Table 2) , the probability of occasionally being in a gap was lower among patients whose first recorded VL was suppressed (versus not suppressed), who were aged 51-65 (compared with 18-30), who enrolled before 2006, who were women, and who had an MSM HIV risk. Supplemental Digital Content, Table A , http:// links.lww.com/QAI/B57 shows average predicted probabilities based on the regression model.
New ART Prescription in a Gap

Patient-Level Analyses
Among 2317 patients with occasional gaps, 2282 had a new ART prescription. Over half (51.0%) had a new ART prescription after 180 days in a gap. The median number of new ART prescriptions was 24 [interquartile range (IQR) = 10-47], including new ART prescriptions written both in care or in a gap; the median number of new ART prescriptions in a gap was 1 (IQR = 0-9). Most patients with an occasional gap had one gap (63.1%); 27.3% had 2, and 9.6% had 3 or more (results not shown).
In unadjusted analyses (Table 3) , factors associated with receiving a new ART prescription in any gap included having 2 or 3 gaps (vs. one gap), having a longer total time spent in gaps, having more time enrolled in Medicaid, and having suppressed first VL.
Gap-Level Analyses
Subsequent analyses used the individual gap as the unit (N = 2282 patients and 3389 gaps). The mean time in a single gap was 540 days (median = 361, IQR = 227-734). Overall, 62.3% of gaps were covered by Medicaid the entire time, and 6.2% had no Medicaid coverage. ART prescriptions were written in 40.0% of gaps.
A logistic regression of any new ART prescription after 179 days in a particular gap (Table 4) found associations with gap-specific variables, including suppressed VL closest to the gap start date, total time in the gap (in months), and the number of and proportion of months in the gap in which the patient was enrolled in Medicaid.
VL suppression at the measurement closest to the start of a gap was strongly associated with higher odds of receiving a new ART prescription. Hispanic patients were less likely than white patients to receive a new ART prescription.
Restricting the analysis to gaps with 100% Medicated coverage only had similar results (results not shown). Table 5 shows the proportions of patients in each gap who obtained a new ART prescription, refilled an ART prescription, or did neither. The proportion of patients in each gap who received a new ART prescription after 179 days ranged from 25.9% to 45.2%. The proportion with neither a new nor a refill ART prescription ranged from 52.1% to 59.9%. Gap 0 (a gap among patients who enrolled in the HIVRN before January 1, 2006 and entered the observation period in a gap) had fewer refills; this gap was atypical (limited to those enrolled before the start of the observation period).
Patient-Provider Pairs
There were 11,044 patient-provider pairs that had a new ART prescription at any point, representing 2264 patients and 2405 providers. The mean number of providers per patient was 4.9 (median = 4, IQR = 2-7). The mean number of patients per provider was 4.6 (median = 1, IQR = 1-3).
In 27.1% of patient-provider pairs with a new ART prescription, one or more new ART prescriptions were written after 179 days in a gap. Among patient-provider pairs with .1 ART prescription in a gap (n = 10,295), 17.0% of the pairs had 100% of ART prescriptions written in a gap. Many more of the pairs (74.6%) had no new ART prescriptions written in a gap (new ART prescriptions only written in care). For only 8.4% of pairs were new ART prescriptions written both in gaps and in care (results not tabulated). Thus, patients seem to be receiving new ART prescriptions in gaps from different providers than they do during in-care periods.
DISCUSSION
In this analysis using combined Medicaid pharmacy claims and clinical data, we found that suppressed VL, older age, and female sex, but not race, were inversely associated with having gaps $180 days in HIV primary care. We also found that it was fairly common to receive new ART prescriptions during gaps in HIV primary care, and that suppressed VL (value closest to the gap start) was associated with receiving ART during a gap.
Over one-third (39.3%) of individuals in our data set did not have any gap in care of at least 180 days. Retention rates using various retention measures in large cohorts have varied, ranging from 66% to 84%. 4, 21, 22 Several factors likely explain why our retention seems lower than other large cohorts. The first is that we used up to 5 years of data combined into one interval, rather than 1-or 2-year intervals. The longer follow-up time is more likely to identify reduced retention. In addition, other retention measures have parameters that would allow for a greater than 180-day gap between visits. For example, defining "retained" as 2 visits per year separated by at least 90 days 10 means that patients could have 2 visits that were 275 days apart and be classified as retained. The difference between our proportion of individuals with a 180-day gap (54.2%) and the proportion previously shown with HIVRN data (22%-25%) 22 likely stems from our use of up to 5 years of data combined into one interval, which allowed a gap to span across calendar years, compared with the previous study, which used individual calendar-year data. We found that older individuals were less likely to have a gap of .180 days from HIV primary care. Older age has been associated with improved retention in HIV care. 23 This is likely due to a combination of factors, including older individuals having more comorbidities requiring more frequent contact with the health system, therefore decreasing the likelihood of having a gap in HIV primary care. We also found that women were less likely to have gap from HIV primary care. In the general population, women use health services more frequently than men, 24, 25 which may reflect differences in seeking symptomatic care or preventive services. Previous work from the HIVRN 8 showed similar findings to ours that the likelihood of retention in HIV care was lower for men. And another study with NA-ACCORD data showed less risk of disruption of continuous retention in HIV care among women in the NA-ACCORD. 26 So although there are many challenges facing women who present for HIV care, including stigma and competing responsibilities, our findings are congruent with previous work and work from other groups that retention seems improved among women compared with men.
Standard retention measures do not account for people who have not attended HIV primary care visits but continue to fill ART prescriptions. Our finding that individuals who were suppressed were more likely to receive ART in a gap may reflect physicians' increasing comfort with prescribing ART without a face-to-face clinical encounter. It is possible that our findings reflect physicians' prescribing ART while monitoring laboratory results but not scheduling clinic visits with patients whose results were stable; however, we were not able to describe the frequency with which HIV-related laboratory monitoring occurred. In addition, as HIV regimens became simpler with less toxicity and fewer side effects in the late 2000s, it is possible that primary care physicians were doing more prescribing of ART with less input from specialist physicians.
We saw potential evidence of this in our analysis focused on patient-provider pairs. Over one-sixth of the patient-provider pairs had 100% of all ART prescriptions written in a gap from the HIVRN primary care site. One possible explanation for this result is that the patient established care with another HIV provider outside the HIVRN. Another potential explanation is that the patient had a primary care provider who wrote prescriptions and that the patient infrequently visited the HIV clinic. Or, if the patient contacted the HIV clinic between visits to request a new prescription, someone other than their primary HIV provider may have written the prescription.
On the opposite side of the coin, at the person level, about half of people who had a gap did not pick up a new ART prescription. At the gap level, up to 60% of gaps did not have an ART prescription (new or refill). Although some people had gaps and continued to receive ART, a substantial proportion had gaps and did not receive ART. This is concerning, because individuals not on ART have worse clinical outcomes and are more likely to transmit HIV to others. The challenge of increasing prescription of ART and subsequent viral suppression is ongoing and may require more flexible care models and/or targeting of resources to those in most need.
The strengths of our study include the use of a unique data set that included not only clinical data from several high volume high-quality HIV clinical care sites, but also Medicaid claims data. This allowed us to capture ART use outside of the clinical site. Limitations include that not all ART use was captured with the Medicaid data set. Furthermore, our results apply only to individuals with Medicaid. Another limitation is that the HIVRN data set is not always reliably able to capture whether an individual has established care at another site or has a primary care physician in addition to an HIV specialist. We could not account for prescribing practices that vary by physician and by patient (for example, the number of refills a physician typically writes, which may or may not vary by how adherent a patient is). We could not account for any prescribing that might have occurred when the patient had a gap in Medicaid (eg, if an alternate payer was used). This analysis could be supplemented by AIDS Drug Assistance Program (ADAP) data to increase available data and determine whether prescriptions covered by ADAP occurred during gaps in care from the HIVRN site. We could not account for clinical trial participants who were obtaining their ART without Medicaid claims associated with the ART.
It is imperative to improve retention in care to increase prescription of ART to achieve viral suppression in more people living with HIV. We suggest fine-tuning retention measures, so that those in greatest need of increased outreach to improve retention can be identified. Furthermore, more refined measures of retention that include ART use better reflect flexibility in current federal and state clinical practice guidelines with regard to the frequency of clinic visits and VL measurement.
